Objective: Antibiotic-resistant infections represent a significant global public health threat due to their rising prevalence. The aim of this study is to identify risk factors for acquisition of multidrug-resistant gram negatives (MDR-GNs) in the first intensive care unit (ICU) infection episode of patients and also to calculate the economic burden of infection with MDR-GNs that the ICU patient faced.
INTRODUCTION
Antibiotic-resistant infections pose a significant global public health threat due to the rising prevalence and limited therapeutic alternatives. These infections are mostly associated with longer hospital stays, higher incidence of therapeutic complications, and a prolonged duration of treatment, therefore causing more costly patient care in health care settings (1, 2) .
Gram-negative infections are particularly prominent in intensive care units (ICU). They receive more attention due to increasing resistance; furthermore, there are no new approved antimicrobials available for multidrug-resistant gram-negative (MDR-GN) pathogens. The clinicians have difficulty to manage the treatment with the existing antibiotics. Accordingly, using multiple wide-spectrum antibiotics had facilitated the cycle of increasing resistance. As another consequence of resistance, the treatment duration and hospital costs increased steadily with the need to use combined antimicrobial treatments and prolonged utilization of antibiotics for the resistant infections. Also, difficult-to-treat infections due to MDR-GN may severely impair the patient's quality of life due treatment ineffectiveness, and they even could be life threatening (3) .
In this study, we investigated the risk factors for the acquisition of MDR-GN in the first ICU infection episode of patients and also calculated the economic burden of the first episode of infection with MDR-GNs that the ICU patient faced.
MATERIALS and METHODS
This is a 1-year retrospective observational study conducted between 2016 and 2017 in a tertiary care center with a 1,300 bed capacity in central Turkey. The patients included in this study were hospitalized in four separate adult ICUs with a 55-bed capacity. The types of ICUs included the Medical, General Surgery, Neurosurgery and Anesthesiology, and Reanimation.
Hospital-acquired infections (HAIs) were defined according to the Centers for Disease Control and Prevention National Healthcare Safety Network surveillance definitions (4) . The case was defined as a patient who had an MDR-GN in their first episode of ICU infection, and control was defined as a patient who had a non-MDR-GN in their first episode of ICU infection. An MDR characteristic was defined as acquired non-susceptibility to at least one agent in three or more antimicrobial categories (5) . Patients who had Candida or a gram-positive infection or without any isolated pathogens in their first episode were excluded. Patients who had any other overlapping infection due to an MDR-GN pathogen during this period were also excluded. Hospital infections occurred more than 48 hours later. The patients who were followed up with nosocomial infection were included in the first episode of MDR-GN bacteremia following ICU transfer.
An empirical antimicrobial treatment was defined as "inappropriate" if the receipt antimicrobial did not treat all organisms based on subsequent in vitro susceptibility tests, whereas "appropriate" treatment had a coverage that met these criteria.
The cost analysis per patient was calculated for the case and control groups (in constant US$ 2,016; Central Bank of the Republic of Turkey, December 30, 2016, 1 USD = 3.5255 Turkish Lira), retrospectively. Data on the costs were obtained using the hospital's accounting system. The median antibiotic and total health care costs of patients were included till the treatment of this first episode completed. Total health care costs included ICU bed charge, ventilator charge, and cost of drug therapy.
For risk factor analysis, demographic characteristics of patients (age, gender, comorbidity index), the Acute Physiologic Assessment and Chronic Health Evaluation (APACHE) II Scoring, transfer from another unit, transfer from another hospital, community-acquired infection on admission, NI before the ICU admission, antibiotic use before ICU infection, time elapsed to the onset of the first episode of ICU infection, invasive procedures, and operations were evaluated.
A statistical analysis was performed using the SPSS software version 15.0 (IBM, Armonk, NY). The chi-squared or the Fischer exact test was used for categorical variables. The Shapiro-Wilk test was performed to check the normality assumption of the data. The Mann-Whitney U test was used to compare the differences between the two groups. Univariate and multiple binary logistic regression analyses (Backward stepwise selection) were performed to analyze the effects of variables (confidence interval, CI 95%). In the multiple logistic regression analysis, the variables found to be significantly associated with the MDR-GN infection in the univariate analysis were included. The level of significance was set at p<0.05 for all tests. 
Ethics

RESULTS
A total of 100 patients were included into the study. Thirty-six were hospitalized in the Medical ICU, 33 in General Surgery, 18 in Neurosurgery, and 13 in the Anesthesiology and Reanimation ICU. Sixty-two patients had MDR-GN, and 38 patients had a non-MDR pathogen in their first ICU infection episode. The mean age was 61.2±16.0 years, and 49% were male.
Forty-one patients had pneumonia, 24 had urinary tract infection, 20 had bacteremia, 14 patients had a surgical site infection, and 1 patient had a skin-soft tissue infection. Ninety-four patients had monomicrobial infection, and 107 gram-negative microorganisms were isolated. Of case patients, the most prevalent GN infections were due to A. baumannii (56%), P. aeruginosa (14%), K. pneumoniae (14%), and E. coli (7.5%). In control patients, the most prevalent pathogens were K. pneumoniae (25.5%), P. aeruginosa (23.2%), and E. coli (23.2%) ( Table 1 ). All A. baumannii isolates were extremely drug resistant.
In the univariate analysis APACHE II score, community-acquired infection, nosocomial infection before ICU, transfer from another hospital, antibiotic use before an ICU infection, and central venous and arterial catheter were significant risk factors. In a multivariate analysis, an APACHE II score, transfer from another hospital, antibiotic use before the ICU infection, and arterial catheter were the most significant risk factors for the MDR-GN ICU infection ( 
DISCUSSION
MDR-GN bacteria have an increasing prevalence in most of the ICUs of health care settings. New and effective antibiotics are unavailable in most ICUs, especially in developing countries. The treatment of antibiotic resistant infections becomes more challeng- ing and results in an increased risk of poor clinical outcomes for patients and higher costs for the health care institutions. In case of resistance to both old and novel agents, alternative treatment approaches such as the combination of two carbapenems, may be preferred in therapy. However, administering a combination of antibiotics may increase the adverse events and complications and burden health care costs (6) .
The most common infections were found to be due to A. baumannii in this study, which is also defined as an extensively drugresistant pathogen (XDR). Current studies from Saudi Arabia have also reported that the most commonly isolated pathogens were Acinetobacter spp. (27.2%) followed by P. aeruginosa (23.8%) and K. pneumoniae (18.6%). The range of antimicrobial resistance (except colistin) was 97.5% for Acinetobacter spp. (7) . Colistin is an old drug that emerged for the treatment of resistant gram negatives. It is cheap in price but has serious side effects such as nephrotoxicity, which affects the hospital costs, as well as morbidity and mortality.
Several risk factors have been previously identified that affect the acquisition of MDR-GN bacteria (8) . In accordance with the results of previous studies, patients who have a high APACHE II score are found more likely to have an MDR infection episode. The reason is thought to be the need of longer periods and a wider spectrum of antibiotics for this subpopulation of patients. Also, patients receiving an arterial catheterization are more likely to have a higher severity of illness scores, and so it has been found to be significantly associated with the acquisition of MDR-GN bacteria in this present study.
A transfer from another health care setting was also found to be a significant risk factor for an infection with MDR-GN bacteria (9) . Patients who have a history of transfer from another health care institution and long-term care facilities are more likely to acquire the colonization and infection with resistant microorganisms. Screening and isolation policies should be implemented strictly for patients particularly with a history of admission to health care settings with known endemic MDR-GN infections.
A cross transmission of MDR-GN pathogens has been shown to occur frequently in hospitals. Multidisciplinary efforts are needed to control spreading of these organisms; thus, increasing costs due to the MDR-GNs treatment can be avoided. Education to improve adherence to hand hygiene practices and use of contact precautions has been shown as beneficial in reducing the cross transmission of resistant bacteria in several studies (10) .
Both total hospital costs and antibiotic costs were found to be higher in patients with MDR-GN infections in this present study. This result does not seem to be associated with the prolonged hospital stay of case patients because it was found to be similar in both groups. The probable cause may be the use of more expensive antibiotics and their combination in this group of patients. Also, patients with an MDR infection in the first episode who are critically ill have a median APACHE score of almost 20. The treatment of serious complications in these patients may have also caused an increased cost.
The major limitation of this study is that we could not include data for patients retrospectively, such as the type of antibiotics used and burden of complications that may affect hospital costs.
In conclusion, MDR-GN bacterial infections place a significant burden on health care facilities due to more prolonged and costly treatments. Forecasting the acquisition of resistant infections properly and initiating appropriate empirical therapy will have a favorable outcome on the survival of patients and thus reduce the hospital costs. 
